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(k)rwctlIcss  is l)arallloul)t  fol  safety- clitic:ll  softivaw c.olit 101 systc]  I Is. (;litical  s o f t w a r e
fai lures ill IIlcclical  radiatlioll  trcatlllcllt [1], c(jllll]ll]llicatic)lls  [2], alId dcfcllsc  [3] arc falllilial
to tlIc ])ul.)]ic. ‘~’l Ic sig,]]ific.alltj qua] ltitly  of softwar{, I I lalf~ll  Ictiolls  IcgLIla Ily rcl)oltcd  k) tlIc
soft)  w;lrc CIIgi IICCIiIIg coll)lllullity  [4], tllc  cl IaIIgc ill laws collccrllillg, lial~ility  [5], alId a rccclltl
N]{(;  Acrollautics  aIId Sl)acc  l;]ig,ill(:[:lillg;  lk)ard  rc])or(  [(i] add i t i ona l ly  II)otivat,c  tllc usc of
cllt)l-lf!clll{:ilig;  software tlcv(slol)I  nellt  twli]  Iiqllcs.

‘I’l Ic I)cl)dits  of for]l]al  II]ctl]lods ill l(:{]llil(:ll](  .llts-(llil’cll software dcvclo])I  IIclit  ( “forward
(!ll~;ill(:(:l”illp,’))  is wr.]1 doculllo]tcd [’i’, 8, {~, ] (), ] ], 1  ?]. OIIC advi(llta$,c of rigy)ul’ous]y cllgi -
IIecrillg  softw’arc is trllat  forl IIal IIotatiolls  arc l)rccisc, vttrifial)lc,  alId ftlcilitat,c  autol IIat,cd

j)mc.cssil)g [1 3].
WC clailll  illatl IIlail)tellallcc  of clitical  lcg,acy cod(’ a l s o  I)cl)c(its flolll  forll)al  IIlctllods.

IJor cxaIIII)lc,  forlllal  sl)ccificatiolls  c.aII 1)( rcvcrs(! cllgillwr(xl  ftt)l  I  I  cxistillg,  c{)dc. ‘~’l Ic
rcsultlillg; foI’IIIal  sl)wificatiolls  aIc tl)ell tllle I)asis fw cl Ial Ig;c rquf~sts alId tll~’ follll~lati~)ll  fol”
sill.)scqucllt, vcrificat,  ion a]l(l  valid atliol]. (k)llsidcrillg  1(,-i  llll)l(:lll(’ll  tati[)ll’s  IIigll cost  fiIId, CVCII
WOIXC, tllc failure of critical  softjwarc,  rcvmsc cll$,illccrillg  of code illtjo  forl I Ial sl)cci{icatliol}s
l)rovidcs  aII alt,crllative to traditioll:ll  zIl)l)r021clIcs  for IIlailltaillilig  safety-cri t ics]  systlcll}s.

‘1’llis  l)al)cr  dcscril)cs  a l)roject  al)l)lillg forJllal IIlctllo[ls  to a l)ortioll  o f  tllc slluttlc  011-
orl)it  digital  autol)ilot,  (1 )A l)). ‘~’l IrCC ol)jcc.tivcs  of tllc })r{)jcct  WCIC to: (1( ’lllollstl’at(! t!llc 11s[!

of forl]lfil  IIlctllods  011 a sllutltlc  al)l)licatioll, faci l i tate tllc  ill(.oll){)latio]l”  aTId valid  at)ioll  of
IICW rcquiwll)cuits  for t,lic systlell) , alId ve r i fy  tllc  saf(ty-clitji(iil  l)rol)crtics to \)c cxllil)ikd
l)y t,llc Soft!wa]’c.

III addition  to dcvclq)illg;  fOIII  Ial sl)wificatiolls  of ?I critical lIIodulc,  a grill)l)ical  dcl)ictioll
o f  tlIc  sul)syst,cll) was col)st,ructcd  Ilsillg  tllc OLjw/  Jfodcling  7kK/ITIiqvc  (oh!l’J1) to l)rovidc
aII ol)jc(..tl-oliclltj(!(l”  view of tllc  systclll  ;IS it relates to tlic fullctiwlal  aIId dyllalllic v i e w s .
1 ,cssoIIs  lca IIId frol]l tliis  l)wject arc dwcril)cd, illcllldill~,  disc. ussiolls  of tllc I)clicfitjs  of
cOllstructillg  tIIId I.)cil)g  al)lc to g(!llclatc  l)lx)ofs wit]) tl)c  forll)al  sl)(:cifit.:lti[)lls.
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1 ‘rojcxt Overview

A IJortioll of tl]c  slIuttlc  soflwarc was CIIOSC II for a forlll~il  II IctlIods  {Ic]))c)]lst]ati{)]l  ])rojcc(
illvolvil)p;  NASA’s Jet l)rol)ulsio]l  l,iil)oltit,c)l}~,  JOIIIISOII  Sjmc.c (kvItcI, aI)d ],allglcy  l{cscarclI
(kIIk:l [1 4]. A rclakd  l)roject  of a sIIIallcI  sca]c  was })crforl  I Icd l)y tllc authors ill colljullctioli
wit,]) tllc lar~;cr dcl I lollstratioI1  l)rojcct,. ‘J’llc  PhasE!. Pl Zllle lllodlllc,  t!llc C.Olitl’ol Sysk!lll  f(n”
autoll]fit,ic  atltitudc  colltro]  of tllc slluttlc, was tlIc sul)systclll sdcc.tcd for tlIc sIIlall(:I ])mjcc.  t,.

‘J’IIc criteria tl)at lcd 10 tllc sclcctioIl  of Phasa  Pl a?le iIIcludcd  filldill$;  a lIIodulc  wiill  difliclllt
to ulldcrstal]d  l(:(llliIclIl(:llts  al)d lx)tclltial for clitlical clIal  Igc Icqucsts.

‘1’lIICC  tasks  were lxrforlllwl  ill tlIc  dcvclol)IIIclIt  of tlIc  fort IIal sl)ccilicatiolls  of tlw llIOd-
ulc’s liig;ll-lcvc]  lc{lllil(:ll-]cllts. l“irst, aII 1111(1(’IstalI<lilI~;  of  tllc  origilla]  l(:(jllilf:ltlcll(s  w a s
I)dcd. ‘J’llis illvolvcd  col]sultillg  tile l’h?lciiollol  S’u.$s?ysi(?lt  ,Soflwo?c  lft:qvircmcnls  (1’’SS1{ )
(lo Clll Il(!llt (ill S[) liIIO\i’11  tlS lJC\7(! 1 (; I(:{lllil(ll]cllts, cmlsislillg  largc]y  of “wil’ill$  dia$,ralils”),

G?/idoncc otld (;01111’01  ,$’ysic~)ls 71f/iT/iT/f/  ilfonuol,  SOUICC c o d e ,  illforll]al dcsi~,ll IIotcs,  aIId
d isc.ussiw ~s wit] I s] luttlc  software ]M!rsoIIII  cl. AII ‘Las- l)uilt”  forll)al  s}wcificatioll  ca~)turill~;
tlIe fllll(:lit)ll:tlity  dcj)iclcd I)y tlIc  1“SS1{  “ivirill~, diagral]ls” W’as t 11( ’11 dcv(’lo])cd .

Scco]Id, wlIclI fitltcll)l)tillg  to derive a lIlorc  al)stract l(:(]llilclllcllts-lcl’cl  folllla]  sl)ccifica-
tioIl,  it was diflicult  to clilllillatc tlic ;I}ll)lclll(lltatiol)  bias l)I(:scIIt  ill t,l Ic as-l)uilt l ayer .  A
lcvc] of OM’J’ diaf;rali)s  were  dcv(:lol)cd to dcj)ict,  tlIc illforl Ilatioll fro]] I tlIc  first ICVC1  {)f slK:c-
ificatiol)s. ‘1’lIcsc dia~;Ialt]s f ac i l i t a t ed  tjllc al)straclio]l  l)roccss  slid  lead to tlIc  IIcxt  I)if,llcI
It>\’cl of sl)c’cifi[~itlic)lls. ‘1’llis  iicrativc l)loccss  consisting of clcvt:lo])i)~~, a lCVC1 of forll]dl  s])cx:-
ific.atiolls> folloud  l)y collst,llI(:till~,  tlIc  coll(:s])oll(li~l~,”  oh!l’J”  dia~;]al]ls lead to idclltificatio]i
of tlIc  IIigll  ICVC1, critical  l[~(jllilt:]ll(:llts  of t]lc Phase .Plane  IIlod IIlc. l’;xal IIl)lc  s})ccificatiolls
aIId oh4’1”  diaf;rallls arc illcludcd iII tlIc full l)alm.

‘J’IIc tlllird tasl< illvo]vcd  outlining ])mofs  l.mtwrc]l tllc lcwls o f  s]xcifiwt imls dcvclqxxl.
‘1’lIat is, cacl I sl)ccificat,iol) IIIIISL l~c slIoLvl  I to COI Iectly illll)lclllcllt  tlIc lIIorc dl)stract  sl)cc-
ificatio]l  alwvc it, ‘J’l Icsc l)roofs l)rovidc  traceal)i]ity  fro]] I tllc i] I I1)ICII Iclitatioll  detai ls  as
(1(:s0’;1)[!(1  by tllc ‘{wirill$; diagrall]s” to tllc IIigll lCVC1  l(:(lllilcll](:lltJs,

lkrc?rcncc?s

[1] Na,,cy G. 1 J(!}TCSOII iilld ~;lill’li  S. ‘1’111’11(!1”. A I I ill~’[:sti~,atioll  of tllc  ‘J111crac-2?5  accidc]lt,s.
11/1/’1; Lkn/pI/i[r,  ])a~(’s 18 41, July  1993.

[3] ltric Scl,l,litt. AIIIIy i s  l)lal]lillg ])atriot,’s  col]l])~ltcr  for fail~llt: to s(o])  1)1 IaIaIi scIId.
A)cw )’ork ?’i?nrsj  May 1991.

[5] Victoria Slid I’101. l{lllillg)’s  dicta c.auscs  ul)Ioar. ~~ic A[OtiOIIOl  lziw  JoIII’1101,  July ] {~{]].



[7] Jcnl,l,cttc  hl, Wi])g. A  sl)ccificl’s  illtl{)(lllctioll  to folll)al  IIIctlIods.  llI;)tl;  (;otllj~vf~t,
23(9):8 ’24, Sc])t(’llll)cl” 1990.

[8] susall 1,. (J{!*llalt. Al)l)licatiol)s  of forll]al  II IctlIods: 1 )cvclol)ill~,  virtuoso sof(m’arc.
lh’)1/’)/  ,%jlww)c,  ]MF,CS  7- ] (), ScptcIIIIKI  ] {)()().

[!)] Na,,c,T (;. ],C\KYXHI. l~orl  IIal lIIctlIods  ill softwtil-c  cllgillccrillp;. lfl;lt’N  7iul/sociions  on
,%Jjl&I(:  lingill wrin,q, 1 (;(9):929 930, Sq)tcIIIlm 1990.

[1 ()] l{icllard  A. l{cIIIIIIcrcr. ll]tc/,ratiIIF,  forl)lal  III(:tlIods  i])to tll(:  cl(:I’(:lo])III( :IIt l)mc(:ss.
IJ/’l;li  S’ojlmw, ])a$;(’s  37-50, S(!j)t’(’1111)(:1”  1990.

[]]] AI)tlKM,y 11,,11. SCvw) lll~t]lS of fo]]l,al  lllCt]lOdS. ]h’]~h’ ,%jho(iw>  ] ):lF,(’S ] ] ] {), SC] )te] I I-
k!l” 1 !X)i).

[13] lk?t’t!y 11.(1. (Hlcllg. Sylltllcsis  of l)loc.cdural  almtractio]ls fro]]) forlllal  sl)ccificatio]ls.  III
l)l”(K.  Oj COMI’,$’A C’.91, ])ag(!s 149 154, sr’])t(’llll)cl’  1991.

[14] J]’],, JS(3,  l,al{(;,  a]id IIlhl-llousto],. l“ollt]a]  ]Ilctllods  [lcl]lc)])st]ati[)]] ])rojcct,  for slmc.c
?Il)l)li{:;[tiolls.l)ol)”  IelmIi I(’Y 93). ill l)Iq)aIatioI], 1993.


